The trace amounts of lead in extraction glassware products were determined by potentiometric stripping analysis with constant inverse current in the analytic step (PSA-iR ), an electrochemical technique of high sensitivity and selectivity. This paper deals with an investigation which was directed to the effect of a great number of factors on the results of PSA-iR , of lead in glassware, such as the mercury time electrodeposition, the electrolysis potential, the solution stirring rate and the constant inverse current. Linearity of the lead analytical signal was achieved within the range of mass concentrations from 2.5 mg/dm 3 to 4.5 mg/dm 3 . A detection limit of 0.64 mg/dm 3 was obtained, with a reproducibility of 4.14 % expressed as the coefficient of variation. The analyses were carried out using a computerized stripping analyzer of domestic design and manufacture (Faculty of Technology, Novi Sad and "Elektrouniverzal", Leskovac). The accuracy of the method was confirmed by parallel analyses using flameless atomic absorption spectrophotometry as the reference method.
INTRODUCTION
Lead can cause a variety of adverse health effects in humans. 1 At relatively low levels of exposure, these effects may include interference with the red blood cell chemistry, delays in the normal physical and mental development in babies and young children, slight deficits in the attention span, hearing and learning abilities of children, and a slight increase in the blood pressure of some adults. It appears that some of these effects, particularly the changes in the levels of certain blood enzymes and in the aspects of the neurobehavioral development of children, may occur at blood lead levels so low as to be essentially without a threshold. Chronic exposure to lead has been linked to cerebrovascular and kidney disease in humans. Lead has the potential to cause cancer from a lifetime exposure at levels above the action level.
The follow-up of the content of lead belonging to the first group of toxic elements is of special importance due to its cumulative-toxic effect.
Regarding the fact that the toxic and catalytic effect of some metals also becomes manifested at the contents lower than 1 mg/kg, 2 only a few instrumental techniques provide for their determination, namely, neutron-activation analysis, atomic absorption spectrophotometry, plasma-emission spectrometry and electrochemical stripping analysis. The detection limit, selectivity and reproducibility, rapidity and simplicity of electrochemical stripping analysis (ESA), as well as the price of the device give it some priority. 7, 9 In this work potentiometric stripping analysis was modified to include constant inverse current in the analytic step (PSA-iR ).
The superimposition of constant inverse current in the analytic step has a double effect: it leads to the re-reduction of the already oxidized deposit, as well as to the reduction of the oxygen contents in the vicinity of the working electrode. 3, 8 Application of this technique considerably increases the sensitivity of the determination of lead, as the rate of oxidation of the deposit is reduced along with the concentration of oxygen. The value of the reduction current must be selected to ensure that the rate of oxidation is great than the rate of re-reduction. 4, 5 The aim this study was to define a method for determining the soluble lead in glassware by applying potentiometric stripping analysis with constant inverse current in the analytic step (PSA-iR ). [3] [4] [5] [6] [7] In order to carry out the assigned task, a great number of sample preparation procedures were examined and the corresponding conditions for the lead PSA-iR analysis defined.
EXPERIMENTAL

Apparatus
The stripping analyzer M1, produced by Elektrouniverzal, Leskovac and the Faculty of Technology, Novi Sad, is a highly automated instrument for potentiometric and chronopotentiometric stripping analysis, with microprocessor control of the complete process. 8 The analyzer has a program for automatic qualitative and quantitative determination, involving the calculation of the content of elements. The instrument can be programmed to employ deposition potentials between -2 and 2 V and constant currents for the electrolysis or stripping step between -50 and 50 mA, with parameter setting accuracies of DE < 2 mV and DI < 0.2 mA.
The electrochemical cell consists of a Teflon mechanical stirrer (1000-6000 rpm.), an electromagnetic valve, electrodes and the process vessel.
A glassy carbon (SIGRADUR-G) working electrode of 7.07 mm 2 total surface area was pressed into a Teflon tube (outer diameter 8 mm) at an elevated temperature. An Ag/AgCl, KCl (3.5 mol/dm 3 ) electrode was used as the reference and a platinum wire as counter electrode. The reference electrode was connected with the solution to be analyzed by a salt bridge (0.2 mol/dm 3 KNO 3 ). 8 A matrix printer RGB 105G was used for recording.
Comparative sample analyses were carried out on a flameless spectrophotometer Perkin Elmer 1100.
Chemicals and solutions
Acetic acid, glacial (p.a., Merck); hydrochloric acid (supra pure, Merck); acetone (p. a., Kemika); standard lead solution, 1 g/dm 3 (Titrisol, Merck); standard mercury solution, 1 g/dm 3 (Titrisol, Merck). The working standard solutions of lead and mercury were prepared by diluting the respective standard stock solution with bidistilled water.
Preparation of the samples
The samples in whose extracts the lead contents were to be determined comprised diverse glassware products made by "SFS"-Para}in, as well as glass ampoules made by "FS"-Pan~evo which are used by FHI "Zdravlje" Leskovac for packing its products. For the examination itself, 8 kinds of glassware samples for food and pharmaceutical products were used.
After examining a great number of sample preparation methods, the preparation procedure defined in the standard methods for this purpose 10 was adopted; it has also been applied for the determination of lead in ceramics. 7 The samples for analysis were prepared by extraction with 4 % acetic acid solution. The samples were filled with the acid to 5 mm below the upper edge of the vessels and then they were left at a temperature of 22 ± 2 ºC. The extraction lasted for 24 h ± 10 minutes. 10 After the extraction, the extracts were immediately transferred to polyethylene bottles.
For the potentiometric stripping analysis, a 25 cm 3 aliquot of the extract was taken and analyzed without dilution.
Preparation of the working electrode
A thin-layer mercury electrode on glassy carbon as an inert support was used. Before the preparation of the electrode, the glassy carbon surface was prepared by wiping with filter paper soaked first with acetone and then with distilled water. The mercury film was formed electrolytically from a solution containing 100 mg/dm 3 mercury(II)-ions and 0.02 mol/dm 3 hydrochloric acid, at a constant current of 50 mA for 240 s. 3, 11 Once deposited, the mercury film could be used for 25-30 analyses.
RESULTS AND DISCUSSION
The PSA-iR of lead
In order to determine the optimal conditions of the PSA-iR of lead in the chosen supporting electrolyte, the effects of the time of the electrodeposition of mercury, of the electrolysis potential, of the solution stirring rate and of the constant inverse current were examined. After optimization of the conditions for the determinations, both the linearity of the analytical signal and the detection limit were defined.
The time of the mercury electrodeposition. The mercury film on glassy carbon as an inert support was formed electrolytically from a solution containing 100 mg/dm 3 mercury(II) and 0.02 mol/dm 3 hydrochloric acid, at a constant current of 50 mA for 60 to 300 s. The effect of the time of the electrodeposition of mercury was investigated on the basis of the reproducibility of the analytical lead PSA-iR signal for mass concentrations of lead of 5 mg/dm 3 and 15 mg/dm 3 . The oxidation time dependence (t ox ) of lead PSA-iR on the mercury deposition time (t depHg ) is shown in Fig. 1 .
Regarding the results of the investigations, it can be said that the best results were obtained with a mercury deposition time of 240 s, when a reproducibility of 0.00 %, expressed as the coefficient of variation, was obtained.
The electrolysis potential. In order to define the optimal electrolysis potential, potentials from -0.80 V to -1.10 V were examined with respect to 3.5 mol/dm 3 Ag/AgCl for c m = 5 mg/dm 3 . For each particular potential, five repeat measurements were made.
The highest values of the analytical signal were obtained at a potential of -0.96 V with a reproducibility of 2.56 % expressed as the coefficient of variation.
The dependence of the oxidation time (t ox ), as a quantitative characteristic of PSA-iR , on the electrolysis potential (E) is shown in Fig. 2 .
The stirring rate of the solution. The stirring rate of the solution (that is, of a Teflon rod stirrer) was examined at the values of 1000, 2000, 4000 and 5000 rpm (Fig. 3) . The investigation can not be carry out at a solution stirring rate of 6000 rpm because the mercury layer peeled from the surface of the glassy carbon electrode. The optimal stirring rate was 4000 rpm., with a variation coefficient of 3.50 % for a lead content of 5 mg/dm 3 , which was adopted for subsequent experiments.
The constant inverse current. The effect of the constant inverse current on the analytical signal of lead (t ox ) for a lead content of 1.5 mg/dm 3 ; t el = 420 s, and for a lead content of 5 mg/dm 3 ; t el = 180 s on the reproducibility of the determinations expressed through the coefficient of variation are presented in Table I . The optimal value of the inverse current for a lead content of 1.5 mg/dm 3 was 1.6 mA with a reproducibility of 5.10 %, while for a lead content of 5 mg/dm 3 the optimal current was 1.2 mA with a reproducibility of 6.18 %.
The linearity of the analytical signal. The effect of the linearity of the analytical signal on the lead PSA-iR was examined for mass concentrations in the range of 2.5-4.5 mg/dm 3 at an electrolysis potential of -0.96 V; an electrolysis time of 360 s, a reduction current of 1.2 mA and a solution stirring rate of 4000 rpm.
The experiments were performed in the following way: first the analytical signal of a 2.5 mg/dm 3 solution of lead was measured using a mercury layer electrode, then the electrode was rinsed with bidistilled water, and dried on filter paper, then the same procedure was repeated with lead solutions containing 3, 3.5, 4.0 and 4.5 mg/dm 3 . After the first series, the mercury layer was peeled off and a new mercury layer was deposited for a new series of determinations in the same concentration range. The linearity of the signal was examined for the three series. From the obtained high values of the correlation coefficient (r > 0.990), it can be said that there is a very good linearity of the analytical signal within the examined lead concentration range.
Considering the intercept size (a) on the oxidation axis and the values of the slope (b), it can be concluded that the standard addition method for these contents of lead is not reliable since it introduces errors into the calculation.
Detection limit. The detection limit of the PSA-iR of lead is 0.64 mg/dm 3 , for an electrolysis time of 600 s, at an electrolysis potential of -0.96 V, with a stirring rate of 4000 rpm and an inverse current of 2 mA. Good reproducibility was obtained with C v = 4.14 %.
For lower lead contents it is necessary to employ a larger inverse current. In this way an inverse current of 2 mA was applied for the least determined lead content.
The PSA-iR of soluble lead in glassware
On the basis of the above examinations, a method for the determination of the soluble lead in glassware using potentiometric stripping analysis with a constant inverse current in the analytical step was defined. The defined method considers the analysis of samples (extracts of glassware with 4 % acetic acid as the extractant and supporting electrolyte) on a thin-layer mercury electrode with an electrodeposited mercury depth of 130 nm on glassy carbona as an inert support. The mercury layer had been formed at a constant current of 50 mA and a deposition time of 240 s. The electrolysis potential was -0.96 V against a Ag/AgCl, KCl (3.5 mol/dm 3 ) electrode, during 360 s. The inverse current was 1.2 mA and the stirring speed was 4000 rpm. 
